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OF Al-4 . 5%Cu-l.4%Mg-O.5%Ag 
BY 
JAMES KELLY WHITE 
B.S.E., Florida Technological University, 1972 
The effects of single-step and two - step aging treat -
ments on the tensile properties of an Al-4.5 %Cu-l . 4%Mg-
O.5%Ag alloy have been investigated . Results showed that 
a maX1mum ultimater tensile strength of 75 ksi can be at-
tained by single-step aging 24 hr at 170·C. The two-step 
aging treatments consisting of first aging one week at 
BO·C followed by aging at 160· and 190·C led to lower 
strength properties than simple one - step aging . Rever-
sion treatments applied to fully age-hardened alloy 
resulted in an almost progressive loss of strength in the 
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Precipitation in AI-Cu-Mg Ternary Alloys 
The structural changes which take place during the 
aging of quenched A1-Cu -Mg alloys have been studied by 
1-4 many authors For an: AI -Cu - Mg alloy in the composi -
1 
tiona1 range being studied (Al-4.S %Cu-1.S %Mg) , the gener-
a1 sequence of aging following the decomposition of the 
quenched supersaturated solid solution is : 
Supersaturated So lid G.P.B . zones 
Solution 
5' 5 (A1 2CuMg) (equilibrium phase) 
The 5 phase has been shown by Per1itz and WestgrenS 
to have a composition of A12CuMg and to have a face-
centered orthorhombic crystal structure with a = 4 . 00, 
b = 0 . 23, and c = 7 .14A. 
The first stage in the decomposition of the super-
saturated solid solution is associated \d th the formation 
of ordered clusters of copper and magnesium atoms which 
are coherent with the matrix and which have been desig-
nated, G.P.B. (1) zones . A second type of G.P . zone 
structure called G.P.B. (2) zones may also exist on aging 
above 190·C10 . 
In the second stage of hardening of thi s type of alloy, S ' 
precipitation occurs heterogeneously at dislocation lines 
and helices generated by the quenching process. 5' is a 
2 
slightly distorted form of the equilibrium S phase and 
the difference between S' and 5 is not considered 5igni-
ficantS . The SI precipitates were shown by Bagaryatskii 3 
and Silcock 2 to have an orientation relationship to the 
aluminum matrix of 
100 S 100 Al ' 010 S 021 Al ' 001 S 012 Al 
Maximum hardening occurs when G. P. B. (2) zones and S 
phases are both present . Overaging and softening are 
caused by the dissolution of the zones, the growth of 
5' J and its subsequent tranformation to S pahse . 
Precipitation in AI-Cu-Mg-Ag Quaternary Alloys 
The addition of 0.5 % silver to an Al-2 . 5%Cu-l . 5%Ng 
alloy caused pronounced changes in the dispersion and 
. 6-12 morphology of the precipitates found on ag1ng In 
this alloy system a metastable phase called the T-phase, 
was formed. Supersaturated solid solutions of AI-Cu-Mg-
Ag alloys of this type react as follows upon aging : 
Supersaturated GPB zones T-phase Equilibrium S phase 
Solid Solution 
Sen and West 6 investigated an Al-3.3 %Cu -l. 5U!g-0 . 5% 
Ag alloy and showed that the metastable T-phase was 
formed in the matrix in preference to the nucleation of 
S phase . They suggested that the T-phase had a smaller 
activation energy for nucleation than the S-phase. 
Further work by Sen and West 6 using X-ray powder 
diffraction indexed the T-phase to a Bee unit cell with 
a parameter of l4. 6A. They reported this value agreed 
reasonabl y well with that of l4.Z8A reported for the T-
phase I" A16Cu~lg4 identified by Phragmen '. Sen and West 
found that the metastable T-phase appeared as square 
plates and in a sample aged 1 min. at 350°C, had an aver-
age size of SOOA and a density of 1014 / cm 3. This T-phase 
was determined to be formed throughout the range 130°-
140°C and the times of its complete disappearance ranged 
from 40 days at l60·C to 1 min . at 400·C . 
Since the S pha s e in Al-Cu-Mg alloys is nucleated on 
dislocation loops and helices formed during quenching4 
processes which reduce the dislocation density will sup-
press the formation of S phase precipitation. Sen and 
West 14 believe that there is a lower vacancy mobility and 
a stronger solute atom/vacancy interaction in silver-con-
taining AI-Cu-Mg alloys. Thus when silver is present in 
an AI-Cu-Mg alloy, there will be fewer dislocation loops 
formed. 
Sen and West 14 have observed in a quenched Al-3.3 %Cu-
1 . S%Mg-0 . SAg alloy that there was a scarcity of disloca-
tion loops and a relatively small number of helice s . Thus 
a much greater fra c tion of the vacancies formed upon 
quenching are retained in solid solution in the silver 
containing alloy. Since there are fewer dislocation lines 
for the S-phase to precipitate on, the S-phase will be 
suppressed and homogeneous nucleation of the T-phase will 
4 
occur . Thus plastic deformation before aging 12 , since it 
introduces many dislocation lines, completely suppresses 
the formation of the T-phase. 
Sen and \~est6 found that the peak hardness in the AI-
3 . 31-1.5 I Mg-O.5 I Ag alloy was associated with the presence 
of the metastable T-phase. On overaging the T-phase dis-
solves, and matrix precipitation of S-phase occurs . The 
silver addition to the AI-Cu - Mg alloy increases the amount 
of hardening and accelerates the time to peak hardness. 
• 
RESEARCH OBJECTIVES 
In this present research work it was desired : 
1. To determine the effect of single and two - step aging 
treatments on the ultimate tensile strengths, yield 
strengths, and elongations of an Al - 4.4%Cu-l.S%Mg -
O. StAg alloy. 
2 . To determine the maXlmum ultimate tensile strength 
that cou l d be obtained for this alloy with single -
step aglng. 
3 . To determine the effect of preaging one -week at 80°C 
on subsequent aging at 160° and 190°C. 
4. To determine the reversion behavior of this alloy by 





The composition of the Al-Cu-Mg-Ag alloy studied ,n 
this research was 4.55 Cu, 1 . 4 Mg, and 0.48 Ag with the 
balance being aluminum. This alloy was made by the Rey-
nolds Metals Co. with all impurities being less than 0 . 015 . 
The as-cast ingot which was 4.5 X 3.5 X 1.5 in. was homo-
genized, scalped and hot rolled to 0 . 125 in. sheets. The 
0.125 in. material was annealed and cold rolled to 0.060 
in. and then annealed again. Finally, the 0.060 in . 
material was cold rolled to 0.025 in. sheet. Blanks 2 in . 
X 0.25 X 0 . 025 in. were made by shearing and then were 
machined into tensile specimens with a reduced section of 
0.5 X 0 .125 in. 
Prior to the aging treatments, all of the samples 
were solution heat treated 30 min. at SOQoC in a furnace 
which was controllable to ! 3°C . After solution heat 
treatment, the samples were water quenched at 20°C and 
aged in a bath of Ucon heat transfer fluid controllable to 
± lOCo 
The tensile specimens were given single-step aging 
treatments at 160, 170, 180, and 190°C to determine the 
aging characteristics of the al l oy being studied . The 
two- step aging treatments consisted of first aging 1 
week at 80°C and then aging at 160° or 190°C. 
7 
Reversion experiments were made by first aging the 
samples to maximum strength by heating them 24 hr. at 
170·C. The samples were then reheated 15 min. at tempera-
tures between 200 and 350·C, followed by water quenching. 
After heat treatment, the samples were tested for 
ultimate tensile strength (UTS) , 0.2% yield strength, and 
elongation using a 10,000 lb. Instron machine (0 . 1 1n. 
per min.) and an Instron strain gage extensometer. All 




1. ONE-STEP AGING 
The effects of s i ngle-step aging at 160, 170, 180, 
and 190°C on the tensile properties of the Al-4.4%Cu-1.4%Mg-
O. 5%Ag alloy are shown in Fig . 1 to 4. All of the samples for 
these tests were solution heat treated at 500°C for 30 minutes 
and then water quenched at 20°C before being aged at the 
temperatures indicated above . 
After one-step aging at 160°C, a maximum ultimate ten-
sile strength (UTS) of 71.8 ksi was reached after 48 hr. 
aging (Fig. 1) . The yield strength after 48 hr. at 160°C 
reached 66.2 ksi with the elongation decreasing to 5.5 %. 
Further aging up to 96 hr. at 160°C caused overaging lead-
ing to a decrease in UTS, yield strength and elongation. At 
this time (96 hr . ) the yield strength approached the UTS 50 
that there was only a difference of 3 ksi between these values . 
The elongation corresponding ly decreased to 3.5% at this 
aging time . 
One - step aging at 170°C r aised the UTS to a maximum value 
of 75.2 ksi after 24 hr. aging (Fig. 2). This was the highest 
UTS value attained for all the tests made by both one - step and 
two-step aging . After further aging to 48 hr . , the alloy 
overaged with the UTS dropping to 69 . 9 ksi. At this aging 
time t he yield strength was 67.2 which is again only 3 ksi 
9 
less than the UTS. The elongation after 48 hr. was 4.5% 
but increased to 7% when the alloy was still further over-
aged to 120 hr. at l70·C. The difference between the UTS 
yield strength correspondingly increased to 9.2 ksi. 
After one-step aging at 180·C the maximum UTS for this 
aging temperature was reached after only 4hr . aging (Fig. 
3). However, the maximum UTS attained (72 . 3 ksi) was 
slightly lower than that obtained by aging at l70·C (75.2 
ksi) . There was also a more gradual decrease in the UTS upon 
overaging at 180·C with the elongation leveling off at 5% 
in this averaged condition. 
Aging at 190·C accelerated the aging process of this 
alloy so that after aging just 15 minutes the UTS was 69 . 8 ksi . 
With this relatively high strength the alloy also had high 
ductility (15 % elongation). Overaging caused the UTS of the 
alloy to decrease steadily to 56.9 ksi after aging for 96 
hr. at 190·C. The ductility of the alloy in this condition 
had decreased to 4% elongation. 
Fig. 5 presents all four UTS versus aging time curves 
for single-step aging at 160,170,180 and 190·C. From these 
aging curves it can be seen that as the aging temperature is 
increased, the time to reach the maximum UTS is decreased. 
It took only two hours to reach the maximum UTS at 190·C 
whereas 48 hr. was required to reach the maximum UTS at 
160·C. The maximum UTS for 170·C (75.2 ksi) was reached after 
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Fig. I The effects of single step aging at 160 C on the tensile 
properties of the Al 4.5% Cu- 1.4% Mg- 0.52% Ag alloy . 
o UTS 
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2 The effects of single step aging at 170 C on the tensile 
properties of the Al 4.5%Cu- 1.4% Mg- 0.52% Ag alloy . 
o UTS 






























Fig. 3 The effects of single step aging at IBO"C on the tensile 
properties of an Al 4.5% Cu- I.~% Mg- 0.52% Ag al loy. 
o UTS 


































Fig. 4 The effects of sing l e step aging at 190°C on the tensile 
properties of an Al 4.5% Cu- 1.4% M9- 0.52% Ag alloy. 
o UTS 





































• Fig. 5 A comparison of the effects of single step aging at 160 C 
170·C, 180·C and 190' C on the ultimate tensile strength of an 
A1 4.5% Cu- 1.4% Mg- 0.52% Ag alloy. 
o 160· C 
El 170· C 
<0 180· C 














2. TWO-STEP AGING 
(~) Aging One - Week at SO·C plus 160·( 
IS 
Fig . 6 shows the tensile properties of the Al-4.4%Cu-
1.4%Mg-0.sAg alloy aged for one-week at so·e and then at 
l60·C . The UTS of the alloy after one week at so·e was 
62 . S ksi. However, after one hr. at l60·C, the UTS de-
creased to 59 . 3 ksi and then steadily increased with time 
to 69.7 ksi after 96 hr. of aging . In the same ag1ng 
period from 1 hr. to 96 hr . at l60·C, the elongation de-
creased from 6 . S to 4.7 %. The yield strength increased 
from 37 . 0 ksi to 66.0 ksi in this aging period from 1 hr. 
to 96 hr. at 160·(. After 96 hr. at l60·C the yield 
strength approached the UTS to within 3.7 ksi, thereby 
producing a brittle material with a very high yield 
strength to UTS ratio. 
A composition of the tensile properties of the alloy 
one-step aged at l60·C and two-step aged first for one-
week at SO·C and then at l60·C is shown in Fig . 7. Three 
important features are noted in the comparison. First, 
it is apparent that the one-step aged alloy reached a 
highest strength of 7l . S ksi after 4S hr . of aging as 
compared to 69.7 ksi after 96 hr . at 160·C for the two-
step aged alloy . Second, the ductility of the single-
step aged alloy in the highest strength condition was 
much greater, (9 . 7% for the one-step alloy versus 4 . 7% 
16 
for the two-step aged alloy). Third, the preaging treat-
ment of 1 week at BO·C delays the rate of aging of this 
alloy at l60·C . Even after the preaged alloy is aged 96 
hrs. at 160°C, a maximum UTS 1S still not achieved and the 
alloy is left in the brittle condition . 
(b) Aging One-Week at BO·C plus 190·C 
Fig . B shows the tensile properties of the Al-4.4%Cu-
1.4%Mg-O.5%Ag alloy aged first for one week at BO·C and 
then aged at 190·C. The UTS of the alloy after one week 
at BO·C IS 62.B ksi . After one hr. at 190·C, the UTS de-
creased to 60.5 ksi and then rapidly increased to a maxi-
mum of 67.3 ksi after 4 hr . aging . The ductility of the 
alloy at this maximum UTS was low at 5% elongation. Fur-
ther aging from 4 to 96 hr. caused overaging and the UTS 
decreased to 55.3 ksi. After 24 hr. aging at 190·C, the 
yield strength approached the UTS to within 2.B ksi, 
thereby producing a brittle material with a low ductility 
of 3.5% elongation. Further Qveraging increased the duc-
tility so that afte r 96 hr. aging it had risen to 6.3% 
elongation. The difference between the UTS and the yield 
strength correspondingly increased to 7.3 ksi . 
A comparison of the tensile properties of the alloy 
one-step aged first for one week at 80°C and then at 190°C 
is shown in Fig. 9. The important features of this com-
parison are as follows. First, a maximum UTS was reached 
by both one-step and two-step aging treatments. The max-
17 
1mum UTS was reached in 2 hr. with one-step aging at 190'C, 
whereas 4 hr. aging at 190'C was needed to reach the maxi-
mum UTS for the alloy preaged 1 week at 80'C. Second, 
again the maximum UTS was higher with the one-step aging 
treatment than with the two-step treatment. A maximum UTS 
of 71.3 ksi was attained for one-step aging at 190°C, 
whereas a maximum UTS of only 67 . 3 ksi was reached with 
two-step aging. Third, again it can be seen that the pre-
aging treatment of one week at 80'C has slowed down the 
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6 The effect of two step aging treatments at BO°C for one 
week, plus aging at 160' C on the tensile properties of an 
Al 4.5% Cu- 1.4% Mg- 0.52% Ag alloy. 
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7 A comparison of the effects of sin~le step aging (160·C) 













on the tensile properties of an A1 4.5% Cu- 1.4%Mg- 0.52% Ag alloy. 
&. Yield Strength 1 week at 80'C and 160·C 
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Fig. 8 The effects of aging in two steps at 80' C and at 190'C on the 
tensile properties of an Al 4.5% Cu- 1.4% Mg- 0.52% Ag alloy. 
o UTS 
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9 A compari son of the effects of single step aging (190· C ) and 
two step aging (one week at 80· C plus 190· C) treatments on the 
tensile properties of an Al 4.5% Cu- 1.4 % Mg- 0.52% Ag alloy. 
-1 week at 80 plus 190 C 
- - - 190·C 
o UTS 














3. REVERSION HEAT TREATMENTS 
For the reversion heat treatments the AI-4.4\Cu-I . 4% 
Mg-O.SAg alloy was first aged to peak UTS by aging 24 hr. 
at 170 Q C. The alloy was then given reversion treatments 
of 15 minutes each from 250 to 375°C at 25°C intervals. 
The results of the treatments are shOlm in Fig. 10 . A 
rapid decrease in UTS occurs after IS minutes at 250°C 
with the UTS decreasing from 76.1 ksi to 66.6 ksi. A 
reversion treatment of 275°C for 15 minutes decreased 
the UTS to 65.1 ksi which is only slightly less than the 
UTS after the 250°C treatment. 
Reversion treatments at higher temperatures from 300 
to 375°C steadily decreased the UTS so that after 15 
minutes at 375°C, the UTS had dropped to 43.8 ksi. The 
yield strengths and elongations followed the same pattern . 
However, the yield strength decreased considerably faster 
than the UTS in the 325 to 375°C region such that it 
dropped to 21 . 2 ksi after 15 minutes at 375°C. Corre-
spondingly, the ductility of the alloy increased in the 
300 to 375°C range for 8.8 to 12 . 5% elongation. 
80 






















Fig. 10 The effect of reversion treatments for fifteen minutes at various 

















(a) One-Step Aging 
The tensile strength results obtained for one-step 
aging the AI-4.4%Cu-I .4 %Mg-0.5%Ag alloy substantiate the 
work of other researchers who have studied the st rength-
ening effects of 0.5% Ag on a similar ternary AI-Cu-Mg 
a lloy but with a 3 . 3% copper content. The results of 
this work and those of other workers show that the 0.5% 
silver addition increases the age strengthening response 
of the AI - Cu-~!g alloys studied . 
In this investigation the precipitation effect was 
measured in terms of ultimate tensile and yield strengths 
and percent elongation. Previous workers 7 have only 
measured the hardness of their alloys, and therefore 
obta ined no da ta ,,,i th re spec t to maximum UTS or duct il i ty. 
If one compares the UTS data obtained by aging the 
AI-Cu-~!g-Ag alloy at 190°C with the results obtained by 
Sulouffl5 for a similar ternary AI-Cu-Mg alloy aged at the 
temperature, the effect of the silver addition is apparent 
(Fig. 11) . For example, the maximum UTS obtained by 
aging the AI-Cu-Mg alloy at 190°C is 65 . 2 ksi, which is 
reached after 4 hr. In comparison the maximum UTS reached 
for the Al-Cu-Mg-Ag quaternary alloy is 71. 5 ksi reached 
after only 2 hr . aging at 190°C. Thus the silver addition 
25 
in this case not only raised the maximum UTS by 6 ksi but 
also accelerated the attainment of the maximum UTS by 2 
hr. 
Upon comparing the UTS data for the AI-Cu-Mg-Ag alloy 
studied with similar AI-Cu-Mg alloy after aging at l60·C15 
(Fig. 12), one can observe a similar relationship such as 
was found upon aging at 190°C. Again, in this case the 
silver addition led to a greated increase in strength at 
the maximum UTS (72 ksi for the Al-Cu-Mg-Ag alloy versus 
67 . 8 ksi for the ternary Al-Cu-Mg alloy). The maximum 
UTS is achieved after 48 hr . for the silver containing 
alloy versus 74 hr . for the Al - Cu-Mg alloy . Also, in the 
case of one-step aging at 190°C, the increase in strength 
upon aging at 160·C occurs more gradually in the Al-Cu-~Ig-
Ag alloy . 
The increased strength due to the presence of the 0.5 % 
Ag in the Al-Cu-Mg alloy is attributed to a) a complex 
zone formation and b) the T-phase. According to Sen and 
West 6 the increased strengthening by the zones is due to 
a) increased chemical hardening resulting from the pre-
sence of silver in the zones and b) a greater volume 
fraction of the zones due to the presence of the silver. 
The T-phase also could give rise to increased 
strengthening of the silver-containing alloy since it lS 
nucleated homogeneously6 and would have a lower activa-
tion energy for its nucleation. A finer dispersion of 
homogeneously nucleated T-phase would give rise to a 
greater strengthening effect than heterogeneously nu-
cleated S-phase as is found in ternary Al-Cu-Mg alloys . 
26 
In comparing the agIng curves at 190°C , it is also 
observed that the increase in strength near the maXlffium 
UTS is much less in the Al-Cu -Mg-Ag alloy than in the Al-
Cu -Mg alloy. The increase in strength is about 2 ksi for 
the Al-Cu-~Ig-Ag alloy and takes place over the 15 minute 
to 2 hr . interval. In the case of the Al-Cu-Mg alloy 
there is a rapid increase of over 5 ksi in the 2 and 4 hr. 
period. The reason for this difference In behavior is 
attributed to the silver causing a gradual conversion of 
the zones into the T-phase in the silver-containing alloy 
as compared to the more abrupt heterogeneous nucleation 
and growth of the S-phase in the Al-Cu-Mg alloy. 
(b) Two-Step Aging 
These experiments show that preaging the Al-4.4\Cu-
1.4 t Mg-0 . S%Ag alloy for 1 week at 80·C followed by aging 
at 160· to 190·C resulted in lower UTS values and yield 
strengths . The reasons for the detrimental effect of the 
preaging treatment on the strength properties of the 
alloy studied are complex. However, two main differences 
between one-step and two-step aged material that would 
be present are: 
1. Differences in number and size of the dislocation 
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Fig . II Comparison of the effects of single step aging at 190·C on the 
tensile properties of the A1 4.5% Cu-1.4 % Mg- 0.52% Ag and the 
A1 4.5% Cu- 1.4% Mg alloy . 
--0-- UTS of the A1-Cu-Mg alloy --0-- UTS of the A1-Cu-Mg-Ag alloy 





















Fig. 12 Comparison of the effects of single step aging at 160°C on the tensile 
of an Al ' 4.5% Cu- 1.4% Mg- 0.52% Ag alloy and the Al 4.5% Cu-l.4% Mg alloy. 
·· 0· · UTS of an Al-Cu-Mg alloy 
·-h··YS of an Al-Cu-Mg alloy 
-0- UTS of an Al-Cu-Mg-Ag alloy 




2. Differences in the number and size of the GPB 
zones present at the higher aging temperatures. 
The first main difference, the number and size of dis-
location loops, has been studied by Sen and west l4 . Ac-
cording to their electron microscopy work, pre aging led 
to dislocation loop nucleation and growth in an AI-3 . 3%Cu -
1. 5%Hg- O. 5%Ag alloy . These workers reported that after 7 
days aging at room temperature dislocation loops of about 
SODA in diameter were present in the alloy and were not 
. , 
observed 1n the as-quenched samples. Thus they concluded 
that the preaging treatment caused the formation of dis-
location loops. 
Since S-phase is known to nucleate on dislocation 
loops, more S-phase and less T-phase will be produced 
in the preaged material during the second higher tempera-
ture aging treatment . Since the S- phase produces a 
coarser and weaker structure than the T-phase, the pre-
aged AI -Cu-Hg-Ag alloy will have lower strength proper-
ties than the same alloy aged without preaging. 
The second main difference which exists is that of 
the size and number of GPB zones present at the higher 
aging temperature . With one - step aging at a higher 
temperature (160°C or 190°C in this investigation), GPB 
zones are nucleated and grow in a matrix supersaturated 
in solute atoms and vacancies since the material is aged 
immediately after quenching. As a results a multitude 
30 
of stable nuclei form which grow into a dense dispersion 
of stable GPB zones. 
However, in the case of two-step aging with a pre-
aging treatment, the situation is different. A fine 
dispersion of stable nuclei are created at the lower 
aging temperature (BO°C in this case) immediately after 
quenching due to the high supersaturation of solute atoms 
and vacancies. At the lower aging temperature the zones 
are much smaller and more numerous than those produced 
at the higher aging temperature. Upon up-quenching to 
the higher aging temperature (the second step of the 
two-step aging process) many of the smaller zones formed 
during the preaging treatment are taken into solid solu-
tion. Since diffusion is relatively slow in this alloy 
system, only the larger and more stable zones will not 
be dissolved by the up - quenching. Thus at the higher 
aging temperature of the two-step aging treatment, fewer 
GPB zones will be present than with the one-step aging 
treatment. The lower density of the GPB zones (and sub-
sequent T-phase precipitation) caused by this two - step 
treatment will lead to lower strength properties in the 
two-step aged material. 
Thus it is believed that the loss of strength In the 
two-step aged material as compared to the one-step aged 
material is due to a combination of 1) fewer and larger 
GPB zones which would tend to lead to a coarser T-phase 
31 
and 2) coarser S-phase precipitates due to easier nu-
cleation of dislocation loops. It would be desirable if 
these structural arrangements proposed coul d be tested by 
an electron microscopy study . 
ecl Reversion Treatment 
The effect of t he 0 .5 % silver addition on the Al- 4 .4 % 
Cu-l.s%Mg alloy can be seen in Fig. 13 . Between 250°C 
and 275°C the UTS and yield strength of the Al-Cu-Mg -Ag 
alloy and the ternary Al-Cu-Mg alloy show roughly the 
same slope. However, between 275 0 and 300°C, the UTS of 
the Al-Cu-Mg-Ag alloy declines very rapidly so that the 
strengths of both alloys approach each other. This must 
mean that the S precipitate in the Al -Cu -Mg-Ag alloy 
coarsens and dissolves at a faster rate . 
However, the yield st r ength values do not show the 
same trend . The slopes of the yield strength curve of 
both alloys are closely parallel to each other . 
The silver addition raises the GPB zones solvus of 
the Al-Cu -Mg alloy and therefore adds to the high tempera-
ture stability of the silver -containing alloy. This is 
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Fig. 13 A compar i son of the effects of reversion treatments for fifteen minutes at various 
temperatures on fully hardened Al 4.5 % Cu- 1.4% Mg- 0.52% Ag and Al 4.5% Cu- 1.4% Mg 
- - - Al-Cu-Mg alloy 
-- A l-Cu-Mg-Ag alloy 
o UTS 

















1. The highest values for the ultimate tensile strength 
of the Al-4.5%Cu-l.S%Mg-0 . 5%Ag alloy was 75 ksi, which 
was attained by single step aging at 170 °C for 24 hr. 
The ductility of the alloy in this condition, how-
ever, was reduced to 5% elongation. 
2 . For single step aging the time to reach maximum UTS 
was decreased from 48 to hr . as the aging temperature 
was increased from 160 0 to 190°C. 
3. The maximum UTS attained by single step aging this 
alloy at 160° and 190°C was decreased by preaging one 
week at 80°C. Also the time to reach maximum UTS was 
longer with the preaging treatment. 
4. Reversion of this alloy occurred in a normal manner 




RECO~~~NDATIONS FOR FURTHER STUDY 
It is recommended that a study be made of the 
structural changes which occur during aging with the 
various heat treatments used in this work in order to 
correlate the tensile property changes . Electrical 
resistivity measurements and transmission electron micro-






SINGLE STEP AGING AT 160°C 
HEAT TREATMENT: Solid solution heat treatment at 500°C 
for 20 minutes, quench at 20 0 e in water, age at 160°C. 
ULTIMATE 
AGING YIELD (ks i) TENSILE (ksi) 
TI~IE STRENGTH STRENGTH ELONGATION (%) 
As Q 20.9 49.2 27.5 
1 Hr. 46.4 64.5 16.5 
2 Hr . 46.8 65.9 15.0 
4 Hr. 47.6 65.7 12.9 
6 Hr. 51.4 66.0 12 . 5 
8 Hr. 51. 7 67.1 12.7 
10 Hr. 
12 Hr. 53.8 66.3 10.9 
16 Hr. 57.5 70.0 10.9 
24 Hr. 63.5 71.8 9.4 
48 Hr. 66.3 71. 4 5.3 




SINGLE STEP AGING AT 170·C 
HEAT TREATMENT : Solid solution heat treatment at 500·C 
for 20 minutes, quench at ZO°C in water, age at 170°C. 
ULTIMATE 
AGING YIELD (ksi) TENSILE (ksi) 
TIME STRENGTH STRENGTH ELONGATION 0) 
As Q 20.9 49 . 2 27 . 5 
1 Hr. 52 . 9 69.2 16.1 
2 Hr . 56.7 71. 2 15.6 
4 Hr. 58.5 72 . B 14 .9 
6 Hr. 60.7 72 . 3 9 . 3 
B Hr . 
11 Hr . 67 .1 71 . 5 s.B 
12 Hr. 
16 Hr. 66.6 73.2 2.5 
24 Hr. 71. 0 76 . 2 4.B 
48 Hr. 67.2 69 . 9 4.5 




SINGLE STEP AGING AT 180°C 
HEAT TREATMENT: Solid solution heat treatment at 500°C 
for 20 minutes, quench at ZO°C in water, age at ISOcC . 
ULTIMATE 
AGING YIELD (ksi) TENSILE (ks i) 
TI~IE STRENGTH STRENGTH ELONGATION ( t ) 
As Q 20.9 49 . 2 27.5 
1 Hr. 51.9 65.6 17.5 
2 Hr. 60.1 71 . 2 1l.5 
4 Hr. 66.4 72.3 7.8 
6 Hr. 67.3 71. 5 6.7 
8 Hr. 65.9 70.9 3 . 7 
10 Hr. 63.2 70.9 5.0 
12 Hr. 62.5 68.3 5.0 
16 Hr . 60.4 67 . 2 3 . 5 
24 Hr . 57.8 67 . 5 5.0 
48 Hr. 53 . 9 65.6 5 . 0 




SINGLE STEP AGING AT 190·C 
HEAT TREATMENT: Solid solution heat treatment at 500·C 
for 20 minutes, quench at 20 c e in water, age at 190°C. 
ULTIMATE 
AGING YIELD (ks i) TENSILE (ksi) 
TIME STRENGTH STRENGTH ELONGATION (%) 
As Q 20.9 49.2 27.5 
Ii Hr. 52.1 69.8 
1 Hr . 62.4 70 . 8 11.3 
2 Hr . 64 . 5 71.3 11.3 
4 Hr. 65.3 69.6 8.3 
6 Hr. 62.4 66.8 6 . 8 
8 Hr. 57.5 64.5 9.8 
10 Hr. 
12 Hr. 56.8 63.5 8.6 
16 Hr. 56.6 62.7 3.0 
24 Hr. 54.6 62.6 3.8 
48 Hr. 51.6 57.7 4.5 




TWO-STEP AGING AT SO'C AND 160'C 
HEAT TREATMENT : Solution heat treated at 500'C for 20 
minutes, quench at 20 0 e in water followed by pre aging at 
SO'C for one week then aging at 160'C. 
ULTIMATE 
AGING YIELD (ksil TENSILE (ksil 
TIME STRENGTH STRENGTH ELONGATION (%l 
After 1 
wk @ SO'C 42.7 62 . 8 15.6 
1 Hr . 37 . 0 59 . 3 16.8 
2 Hr. 41. 2 59 . 6 16 . 2 
4 Hr. 45 . 0 62.7 14.4 
6 Hr. 
8 Hr . 49.2 64 . 6 13.7 
10 Hr. 
12 Hr. 52 . 5 65 . 5 13.4 
16 Hr. 54.9 66.9 12.0 
24 Hr. 59 . 5 67.S 8.5 
48 Hr . 64 . 3 67 . 9 5.3 




TWO-STEP AGING AT 80°C AND 190°C 
HEAT TREATMENT: Solid solution heat treat at 500°C for 
20 minutes, quench at 20°C in water followed by preaging 
at 80°C for one week then aging at 190°C . 
ULTIMATE 
AGING YIELD (ksi) TENSILE (ksi) 
TIME STRENGTH STRENGTH ELONGATION (%) 
After 1 
wk @ 80°C 42.7 62.8 15.6 
1 Hr. 46.8 60.5 14.1 
2 Hr . 56.9 65.0 8.5 
4 Hr. 67 . 5 67.3 5.0 
6 Hr . 
8 Hr. 61. 5 66.4 4.5 
10 Hr. 
12 Hr. 61. 0 66.0 5.7 
16 Hr. 61.0 65.1 5.0 
24 Hr. 57.5 60.3 3.5 
48 Hr . 52 . 0 56 . 5 4.5 




HEAT TREATMENT : Solution heat treated at 500'C for 20 
minutes, quench in water at 20°C followed by aging to 
peak hardness at 170°C for 24 hours, quench in water in 
20'C, then 250 , 275, 300, 325, 350, or 375'C for 15 
minutes. 
AGING UL TIMATE 
TEMPER- YIELD (ksi) TENSILE (ksi) 
41 
ATURE STRENGTH STRENGTH ELONGATION (%) 
250 71. 0 76.1 4 . 8 
275 58.1 66.6 7.5 
300 46 . 6 54 . 4 8.8 
325 35 . 5 52.2 8.8 
350 27.7 47.7 10.0 
375 21. 2 43 . 8 12.6 
• 
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